It appears that on balance, these two systems are similar in terms of advantages and disadvantages. Each seems to have emphasised the more important characteristic for its potential application. Thus, the multilayer film tests seem to be being directed to large laboratories where high precision is important and storageability less so. 
Introduction
The Ames Division of Miles Laboratories has, for the past several years, been actively involved in the development of a quantitative serum chemistry system. Initially, the system will consist of the instrument, a reflectance photometer called the Seralyzer, along with five solid phase reagents: glucose, BUN, uric acid, bilirubin, and LDH. Reagents to analyse for cholesterol and triglycerides are also under development. The technology necessary for the development of this system stems from the development by Ames of urine strip products. The knowledge obtained from the development of the Dextrostix/Eyetone system for the quantitative analysis of whole blood glucose also contributes. The company has however, extended this technology to include *Paper presented at the Analytica 80 Symposium on Dry Reagent Chemistry in Munich, April, 1980. a host of serum metabolites as well as enzymes. A schematic of the solid phase reagent strip is shown in Figure 1 . This strip contains a cellulose matrix into which is impregnated those reagents necessary for a given clinical chemical determination. After the impregnation process, the matrix is dried and bonded with a special adhesive layer onto a plastic support which allows for ease of insertion onto and removal from the instrument. The philosophy adopted during the development of this system is to employ well-known methodologies wherever possible. The use of cellulose provides a good deal of flexibility in this regard so that it is Figure 2 . Figure 2(b) illustrates the simplest way of making reflectance measurements. The sample surface is illuminated at some arbitrary angle and the reflectance measured by placing the detector at some other arbitrary angle. This technique is, however, generally inadequate for our purposes. A better way for measuring the reflectance of a surface is with an integrating sphere, which is shown in Figure 2 (a). This is simply a closed sphere with a highly reflecting surface into which the sample is placed. In this configuration, light incident on the sample that is not immediately reflected to the detector will be multiply reflected about the sphere surface until it finally reaches the detector or is absorbed by the sphere wall. In the Ames system, the intensity of light which is reflected from the pad surface is proportional to the amount of colour which is formed on the reagent pad. As mentioned above, this colour is related to the concentration of analyte under consideration.
The development effort was obviously centred around the mating of these two components the measurement technique and the solid phase reagent. With this in mind, it was important that the instrument be designed so that system performance could be maximised. This required such instrumental factors as precise temperature control, reproducibility of pad placement on the instrument table, a high intensity light source so that the reflectance signal could be maximised, microprocessor control as well as a number of optical considerations. Furthermore, it was necessary that the instrument and the reagent be developed in unison so that important system problems could be recognised and corrected as early as possible.
Instrument design
A schematic of the final instrument optical system is shown in Figure 3 . The instrument utilises an integrating sphere to collect the light which is reflected from the surface of the reagent pad. The light source is a Zenon flash tube which produces a high intensity flash containing light over the entire spectral region. In particular, this source provides a high light intensity at 340 nm, so that enzyme reactions can be carried out in the UV spectral region. The reagent strip itself sits on a thermostated table which is pushed into the integrating sphere after sample application. The environment of the sphere is also thermostatically controlled so that the reaction conditions can be maintained constant. Projecting into the sphere is a collimating device which collects the light reflected from the pad surface and directs it through an interference filter to a solid state detector. Also projecting into the sphere is the reference detector port which directs light scattered from the sphere wall to the reference detector. The raw reflectance is then the ratio of the sample and reference detector signals. This procedure eliminates error in reflectance reading due to changes in light intensity from flash to flash. The sapphire window which covers the sample and reference detector ports is used to minimise evaporation from the pad surface. The interference filter which covers the detector ports is contained in a plug-in module which is specific for each serum test. This module and its relationship to the instrument optical system is shown in Figure 4 . This figure also shows the integrating sphere with the as the time intervals between readings is programmed into this chip and communicated to the instrument microprocessor.
Therefore, with microprocessor control of the instrument functions a good deal of flexibility is allowed in the analysis of the reflectance data so that the performance of each test can be maximised. One of the ways in which this flexibility is used is illustrated in Figure 5 Figure 5 (b). The d% R/dr values at 100 to 400 IU/L obtained from the curves in Figure 5 (a)were used to generate this line. The point at low LDH activity was, therefore, obtained from the change of reflectance with time over the full 120 seconds of the test; whereas for the high calibration point which would be at about 400 IU/L, only about 40 seconds of data are actually used in the determination. The calibration procedure is identical for each test and each possesses its own mathematical algorithm. With microprocessor control of instrument functions, it is also possible to build into this system a series of checks and balances on system performance so that any malfunctions or operator error can be easily detected. For example, upon completion of the calibration, the instrument microprocessor checks the calibration slope to determine its validity. If outside the required specification, an error message is given.
Furthermore, such conditions as improper sample dilution, unreactive reagent, loss of instrument thermal control or improper operating procedures will be recognised by the instrument and an appropriate error message flashed on the instrument display.
A summary of the chemistries, test times, reaction types and instrument wavelength for the seven tests mentioned earlier is given in Figure 6 . All of these tests utilise state of the art methodologies with test times ranging from about to 2 minutes, depending on the test. Glucose, uric acid and cholesterol utilise enzyme catalysed oxidation reactions to produce hydrogen peroxide which oxidises an indicator system to produce a coloured complex. As mentioned above, the bilirubin test utilises a diazonium coupling reaction and the LDH test employs the oxidation of NADH at 340 nm.
The triglycerides tests employs three enzymatically coupled reactions to produce NAD+. This NAD + reacts with the tetrazolium salt INT in the presence of diaphorase to produce a coloured product.
Instrument performance A system is described above which consists of a solid phase reagent strip and an instrument which was specifically designed for such a reagent format. The performance data obtained from such a system is described here. Figure 7 shows some precision data for a representative rate test BUN, enzyme test LDH and end point test cholesterol. These data represent overall precision and include both within-run and between-run components. The between-run component includes, of course, the effects of multiple calibrations. The overall coefficients of variation in Figure 7 are calculated as the square root of the sum of the squares of these two components, which are approximately equal for the system. The LDH data are shown in Figure 9 and similar conclusions can be drawn. Finally, the cholesterol correlation data are shown in Figure 10 and To illustrate a paper line diagrams are preferred to photographs. Photographs should only be used when they significantly add to the discussion. Diagrams, charts and graphs should be carefully drawn in black ink on stout card or heavy quality tracing paper. Most illustrations are reduced for publication; to allow for this originals should be between 16 and 36 cm wide (the depth must not exceed 50 cm). The lettering of diagrams sholald be sufficiently clear to withstand reduction. Except in the case of proper names, all lettering should be in lower case print. If photographs are used they must be supplied in the form of clear, unmounted, glossy, black and white prints. "Instant" photographs are not normally acceptable. All illustrations must be identified on the reverse showing the figure number and the author's name.
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